Empirical tests of the "right hemisphere dominance" versus "valence" theories of emotion processing are confounded by known sex differences in lateralization. Moreover, information about the sex of the person posing an emotion might be processed differently by men and women because of an adaptive male bias to notice expressions of threat and vigilance in other male faces. The purpose of this study was to investigate whether sex of poser and emotion displayed influenced lateralization in men and women by analyzing "laterality quotient" scores on a test which depicts vertically split chimeric faces, formed with one half showing a neutral expression and the other half showing an emotional expression. We found that men (N ϭ 50) were significantly more lateralized for emotions indicative of vigilance and threat (happy, sad, angry, and surprised) in male faces relative to female faces and compared to women (N ϭ 44). These data indicate that sex differences in functional cerebral lateralization for facial emotion may be specific to the emotion presented and the sex of face presenting it.
The pattern of cerebral lateralization in certain human cognitive functions is well characterized and relatively consistent at the population-level. In general terms this means that language ability is lateralized to the left hemisphere and visuospatial ability to the right hemisphere in the majority of individuals. However, there is less certainty in the affective sciences and neuropsychology as to whether the same can be said of the lateralization of emotion processing. In fact, there are few empirical tests of the "right hemisphere dominance" versus "valence" theories of emotion processing; the former assumes right brain hemisphere involvement in the recognition and display of emotion (Adolphs, Damasio, Tranel, & Damasio, 1996; Borod, Bauer, & Heilman, 1993) while the latter proposes that the processing of positive emotion is right-lateralized and negative emotion left-lateralized in the brain (Davidson, 1992; cf. Root, Wong, & Kisbourne, 2006) . One source of confusion concerns sex differences. The oft-cited stronger leftward lateralization of language processing (both in phonological and semantic components) in men compared to women is not supported by large-scale neuroimaging and metaanalytic studies (Chiarello et al., 2009; Sommer, Aleman, Bouma, & Kahn, 2004) . This research suggests that sex differences most likely do not exist in the cerebral lateralization of language processing at the population-level.
The study of sex differences in emotion has focused on faces as the primary source of emotional information. Behavioral studies report that women outperform men, on average, on tests of basic face perception including face detection and facial identity discrimination (McBain, Norton, & Chen, 2009; Rehnman & Herlitz, 2007) as well as recognizing facial emotions (McClure, 2000) . One study reported that women were more efficient at categorizing female faces (Cellerino, Borghetti, & Sartucci, 2004) . Lewin and Herlitz (2002) did not observe a sex difference in a task of male face recognition, but they found that women recognized female faces better than men did. Campbell et al. (2002) reported that recognition of fear in faces correlated with face recognition performance on the Warrington Face Recognition Test in women but not in men. The possibility that distinct neural regions may code male and female faces separately has been demonstrated by the observation of visual aftereffects (measured via normality judgments) when the sex of the face at exposure and postadaptation are the same (these sex-specific effects rule out low-level explanations such as retinal adaptation; Little, DeBruine, & Jones, 2005) . Overall, these data suggest that sex of poser as well as sex of observer may play a role in facial emotion processing.
Studies using behavioral tests, such as the Chimeric Faces Test (CFT), indicate that men are more right-hemisphere lateralized for processing happy facial emotions compared to women (Bourne, 2005 (Bourne, , 2008a . Initial ERP studies suggested that this male-favoring right-hemisphere bias is found at the neural level (in early facesensitive PI and NI components), for both facial emotion and nonfacial emotional semantic stimuli (Gasbarri et al., 2006; Proverbio, Brignone, Matarazzo, Del Zotto, & Zani, 2006; Proverbio, Riva, Martin, & Zani, 2010) . However, further work points more strongly to an interaction between the sex of the viewer and hemisphere. Gasbarri et al. (2007) reported that the P300 ERP response to negative emotional images was larger in the right hemisphere in men but larger in the left hemisphere in women. Fiori, Chaby, and George (2001) found that the N170 component was larger in the right than in the left hemisphere in men and equivalent in both hemispheres in women on the Mooney Face Test. Several laboratories have also found that men recalling previously seen emotional images show right, but not left, hemisphere amygdala activation while women show the reverse pattern (Cahill et al., 2001; Cahill, Uncapher, Kilpatrick, Alkire, & Turner, 2004; Canli, Desmond, Zhao, & Gabrieli, 2002) . Two PET studies have also reported greater patterns of covariance between the right amygdala and the rest of the brain in men, and greater covariance between the left amygdala and the rest of the brain in women, under resting conditions (Kilpatrick, Zald, Pardo, & Cahill, 2006; Savic & Lindstrom, 2008) . Overall, these results suggest that processing of emotional imagery correspond with a specific sex of viewer-by-hemisphere interaction, particularly in brain regions associated with emotional salience processing (e.g., amygdala). However, missing from all studies are tests of the influence of all six basic emotions (happy, sad, fearful, angry, surprise, and disgust) and the sex of the poser. Armony and Sergerie (2007) remedied this somewhat by documenting greater activation in the left amygdala when successfully remembering female fearful faces in women, whereas the right amygdala was more active in memory for male fearful faces in men. Parente and Tommasi (2008) used chimeras composed of two halves same-sex faces or different sex faces. They reported a right-hemisphere advantage based on a left half-face bias for sex recognition in both men and women but that this was explained entirely by female-left and male-right chimeras. This suggests right-hemisphere dominance for processing of female faces.
From an evolutionary perspective, men might be particularly sensitive to threat-related facial displays in other men compared to nonthreat displays to prepare for, or avoid, fatal or injurious intrasexual confrontations (Öhman, 2002) . Previous research has demonstrated that men detect male angry faces faster than women do in an array of neutral faces (Williams & Mattingley, 2006) ; while both sexes appear to be able to extract emotion and gender rapidly from sets of faces (in less than 500 ms) despite being unable to identify individual faces (Haberman & Whitney, 2007) . These differences remain after controlling for lower-level featural variation between faces and expressions (e.g., by inverting faces). It has been suggested that differences in physical size and aggression between men and women may have refined and differentiated neurocognitive processes involved in rapid threat-detection in a computationally efficient manner (e.g., by using sex of poser information and by being lateralized in the brain; Rogers, 2002) . Whether lateralization of function indicates more computationally efficient content-specific processing and one that is shaped by selection pressures is unclear based on these data. However, at the very least they do indicate that there is some content-specific processing of certain types of emotions based on sex of poser information.
The aim of the present study was to test whether sex of poser and emotion displayed influenced lateralization in men and women by analyzing "laterality quotient" scores on the Chimeric Faces Test (CFT) that depicts vertically split chimeric faces, formed with one half showing a neutral expression and the other half showing an emotional expression. This free vision test requires participants to judge which of two chimeras (one above the other) looks happier (most studies use versions with happy and neutral faces). Chimeras with the half-happy face presented in the left-visual field (LVF) are typically judged as happier, and is taken to indicate a right brain hemisphere bias in processing positive emotions. This behavioral lateralization effect has been found in nonclinical and patient populations (Bruder et al., 2002; Chiang, Ballantyne, & Trauner, 2000; Levy, Heller, Banich, & Burton, 1983) , and in children as young as 5 years of age (Aljuhanay, Milner, Burt, & Pascalis, 2010; Workman, Chilvers, Yeomans, & Taylor, 2006) . Based on the extant literature, we predicted that an analysis of laterality quotient scores from the CFT would reveal men to be more lateralized for emotions indicative of vigilance (emotions that "pop-out") and threat (sadness, fear, anger, and surprise) in male faces compared to women.
Method Participants
Ninety-four undergraduate participants (50 men; M ϭ 19.98, SD ϭ 1.51; and 44 women; M ϭ 20.81, SD ϭ 1.85) were recruited from the Queen Mary University of London student population through advertisements. They were screened via check-box questionnaire to exclude any history of psychiatric or neurological morbidity. Checking any of the following qualified for exclusion: severe anxiety, recurrent depression, schizophrenia, manic depression, speech and language disorders, panic attacks, severe alcohol and drug dependence, severe oppositional and defiant behavior as a child, dissociation, any head injury, epilepsy, learning disability, any other developmental delay, and any neurological disorder that they could recall (we did not record the number of participants excluded because of these criteria). Participants also self-identified as heterosexual with respect to their sexual orientation (none were excluded by virtue of being nonheterosexual).
Participants were predominantly right-handed as defined by scores of Ն50 on the Edinburgh Handedness Inventory (EHI; Oldfield, 1971) . This test required participants to demonstrate 10 unimanual tasks and to state the degree of preference for the hand used as either strong (2 points) or weak (1 point). A handedness quotient was calculated by subtracting the score for the left hand from the score for the right hand, dividing by the sum of both, and multiplying by 100, providing an absolute range from Ϫ100 (completely left-handed) to ϩ100 (completely right-handed). All participants fulfilled the handedness requirements of this study.
Measures and Procedure
All participants provided written informed consent and the study received ethical approval from the Queen Mary College Research Ethics Committee (QMREC reference 2008/50). Participants completed the CFT comprising a book of 48 items of vertically split chimeric faces (24 male and 24 female posed faces), formed with one half showing a neutral expression and the other half showing a happy, sad, fearful, angry, surprised, or disgusted expression (8 presentations of each emotion). The stimuli were those used by Workman et al. (2006) (see also Workman, Peters, & Taylor, 2000) developed using emotional faces from the Pictures of Facial Affect (POFA: Ekman & Friesen, 1976) . The faces were greyscale and approximately 8.8 cm in width and 13.4 cm in length. The distance between the two chimeras was approximately 1 cm. The test was fixed centrally on a table and participants were seated centrally with an angled viewing distance of 50 cm. In each trial a chimera was presented and its mirror image below it (emotions and sex of poser were presented randomly throughout the test). Participants were to decide which face looked more like the relevant emotion as quickly as possible (there was no time limit). Laterality quotients (LQs) were calculated to quantify laterality biases as (Number of LVF choices -(Total number of trials-number of LVF choices)/Total number of trials) providing a score ranging from Ϫ1 (always choosing the face with the emotional expression in the RVF indicating left hemisphere dominance for the task) to ϩ1 (always choosing the face with the expression in the LVF indicating right hemisphere dominance; Bourne, 2005 Bourne, , 2008a .
The National Adult Reading Test provided an estimate of Wechsler Adult Intelligence Scale Full Scale IQ (FSIQ) scores. Participants were required to read out loud 50 short irregular English words, ordered in increasing difficulty. The total number of pronunciation errors recorded were converted into predicted WAIS FSIQ using the NART manual (Nelson, 1982) . Table 1 ). Thus, age and handedness scores were entered as covariates into the ANOVA models that follow.
Results

Participant Characteristics
Analysis of LQ Scores
We conducted a mixed-design analysis of variance on LQ scores with within-subjects factors of emotion (happy, sad, fear, anger, surprise, disgust) and sex-of-poser (same-sex, opposite sex) and a between-subjects factor of participant's sex (male, female). Note, we report effect sizes here as p 2 where p 2 ϭ .01 is regarded as a small effect, p 2 ϭ .05 a medium effect, and p 2 Ն .13 a large effect. We report the conservative Wilks' Lambda for our F values.
Results revealed the predicted emotion by sex-of-face by sex interaction, F(5, 88) ϭ 36.78, p Ͻ .001, p 2 ϭ .67, which accounted for all lower-order interactions (Table 1 presents the  unadjusted mean LQ scores and Table 2 presents all lower-order main effects and interactions). Note, there was no significant between-subjects effect of sex, F(1, 92) Ͻ 1. This three-way interaction remained after controlling for age and handedness (EHI) scores in a mixed-design ANCOVA, F(5, 86) ϭ 34.60, p Ͻ .001, p 2 ϭ .66 (see Figure 1) . Note, there was a significant effect of EHI score as a covariate, F(1, 90) To unpack the significant three-way interaction we performed simple effects analysis on the estimated means (thus retaining control over the covariates) comparing men and women on LQ scores toward same-sex faces and opposite sex faces for each emotion.
Simple Effects Analysis, Same-Sex Faces
Compared to women, men were significantly more lateralized for happy faces (right hemisphere) , F(1, 90) Figure 1 ).
Simple Effects Analysis, Opposite-Sex Faces
Compared to women, men were significantly less lateralized for happy faces (right hemisphere) , F(1, 90) Figure 1 ).
Discussion
Compared to women, men in the present study were significantly more lateralized for happy, sad, angry, and surprised expressions on male faces relative to female faces. The largest effects were seen for angry and surprised male faces which are partially consistent with our prediction that expressions indicative of "vigilance" and "threat" would elicit strong laterality effects in men. However, no effect was found for fearful male faces. Men also appeared to be strikingly less lateralized toward female faces across most emotions presented, except for anger.
The data are consistent with previous research using the CFT reporting that men show a more right-hemisphere bias for happy faces (Bourne, 2005 (Bourne, , 2008a . However, our data do not suggest men are strongly lateralized for both positive and negative emo- Nelson, 1982) .
‫ء‬ Handedness was measured with the Edinburgh Handedness Inventory (EHI; Oldfield, 1971) . tions compared to women per se, given our findings for surprised faces and the important role played by sex-of-poser (cf. Bourne, 2005 Bourne, , 2008a . On the other hand, the present results are somewhat in line with recent findings suggesting that men notice angry male faces more than women do (Williams & Mattingley, 2006) . Nevertheless, the fact that we observed a strong lateralization effect among men for happy male faces, but a lack of such an effect for disgusted male faces, is inconsistent with a strong adaptive argument that the male visual system is more attuned to threat-based emotions than the female visual system (Öhman, 2002; Williams & Mattingley, 2006) .
The fact that one "pop-out" emotion, surprise, elicited a strong laterality response but another, disgust, did not is puzzling. Disgust in male faces may be a less important cue for men than surprise in male faces is (whereas Figure 1 suggests that for women disgust shown by male faces resulted in somewhat stronger lateralization). It is possible that surprise is more strongly indicative of vigilance in males (e.g., in indicating the presence of a potentially rewarding stimulus or "approach") whereas disgust tends to indicate "withdrawal" which men may ignore (Öhman, 2002) . These speculations could be subject to future research where they are combined with tests of sex differences in personality measures such as behavioral activation/behavioral inhibition (BAS/BIS) and risktaking. In line with this idea, Davidson (1984) proposed that the fundamental dimension along which anterior cortical brain regions are lateralized is "approach-withdrawal", with the left anterior regions being involved in processing positive, approach-type emotions and the homologous right hemisphere regions processing negative, withdrawal-type emotions. One electrophysiological study showed that disgust produced more right-sided anterior activation compared to a baseline and a happy condition (Davidson, Ekman, Saron, Senulis, & Friesen, 1990) . However, the happy condition produced greater left-sided anterior activation when compared to disgust but not when compared to baseline (Davidson et al., 1990) . Our results suggest that the sex of observer and sex of poser are critical variables to be examined in such theoretical formulations. An approach which considers these factors may also help explain the opposing patterns of lateralization for processing surprise shown by men (left hemisphere dominant) and women (right hemisphere dominant) on a same-sex face as found here. Surprise is an emotion that is associated with approach, and therefore left hemisphere dominant under certain conditions (i.e., when men are the viewers and it is a male face that they are viewing), in support of Davidson's (1984) hypothesis. Under different conditions (i.e., when women are the viewers but it is still a male face that they are viewing), surprise becomes an emotion accompanied by withdrawal (e.g., a surprised male face might indicate alarm to a woman) and therefore associated with right hemisphere dominance. These predictions could be tested in future research using neuroimaging methods. This explanation, which is admittedly post hoc, could suggest that male faces are "special" in terms of the cues they provide. It may be adaptive for both men and women to show greater sensitivity toward "vigilance-type" emotions on male faces compared to female faces. In support, psychophysical evidence suggests that negative expressions on androgynous faces bias visual sex categorization toward the male (Hess, Adams, Grammer, & Kleck, 2009 ). The findings from the present study also indicate that both "right hemisphere dominance" and "valence" theories of emotion processing require refining in light of sex-of-poser information. The absence of a between-subjects effect of sex suggests, contrary to some reports (Bourne, 2005 (Bourne, , 2008a , that males are not strongly lateralized for facial emotion compared to women in general but that this occurs in a task-specific fashion (that is, it depends on the emotion being presented and who is presenting it). Therefore, these findings are inconsistent with a strong version of the right hemisphere dominance theory (Adolphs et al., 1996; Borod et al., 1993) . However, Figure 1 does show a general tendency toward a right hemisphere bias, while surprised expressions on male faces appear strongly left hemisphere biased which is an entirely new finding. In fact, only one of the negative emotions (disgust) appeared left hemisphere biased in both sexes and therefore does not support the valence theory (Davidson, 1992) . All this suggests that both theories are probably oversimplifications in that they lack specificity (e.g., cannot make specific predictions based on other relevant cues to emotional processing such as sex-of-poser) and, in isolation from each other, cannot account for the range of individual variation. Nevertheless, on balance, the pattern of the present results offers support for a weak version of right hemisphere dominance.
Several limitations of the present study must be considered. Caution should be exercised in interpretation because our findings are agnostic with respect to possible developmental explanations (e.g., those positing the influences of prenatal sex hormones and sex role socialization, both of which could impact developing brain asymmetries). Previous neuroimaging work does suggest that behavioral sex differences in emotional processing (e.g., for emotional semantic material) is correlated with differential patterns of hemispheric neural activation (Cahill et al., 2001; Cahill et al., 2004; Canli et al., 2002; Gasbarri et al., 2006; Proverbio et al., 2006) . The present findings suggest that these neural activation patterns could be specified further by using tests of the full range of emotional expressions and sex-of-poser. It may be particularly interesting to examine the pattern of amygdala activity (greater right than left activation in men and greater left than right activation in women) toward the full range of basic emotions when sex-of-poser is controlled for, given the prediction that men should be more primed to respond to emotions on male faces than female faces compared to women (Armony & Sergerie, 2007; Öhman, 2002; Williams & Mattingley, 2006) . The sensitivity of the CFT might mean that very pronounced functional asymmetries are observed (Levy et al., 1983; Workman et al., 2006) . This observation is supported by the pattern of effect sizes reported here (which are generally medium to large effects) but it also suggests that our design may have been less sensitive to more subtle differences (again, these might be better indexed using neuroimaging techniques).
In addition, we cannot exclude the possibility that a fourth factor explains the interaction between sex, emotion, and sex-of-poser in our sample. Degree of handedness is one such candidate given the known association of this somatic trait with cerebral asymmetries in emotion processing (Bourne, 2008a ). Although we statistically controlled for EHI scores here in a rigorous manner, we did not actively recruit left-handers for a more sensitive comparison and the effect of handedness as a covariate was large (cf. Bourne, 2008a) . Our correlational analyzes showed that the more righthanded an individual was on the EHI, the greater their LQ score indicating more right hemisphere dominance for facial emotion processing. Finally, it is important to note that we were not concerned with the accuracy or speed of emotion recognition per se. Women, on average, outperform men on tests of emotion recognition across a range of presentation formats; from static faces and other nonverbal cues to dynamic facial movements and for stimuli presented at the threshold of conscious awareness (Hall & Matsumoto, 2004; McClure, 2000) . Thus, future researchers should be mindful of combining popular tests of behavioral lateralization (like the CFT) with other measures of performance. One study has in fact shown a high correspondence between reaction time and laterality quotient scores on the CFT from a computer based test, indicating that individual differences in behavioral lateralization might be underlain in part by differences in speed of information processing (Bourne, 2008b) .
In summary, the present findings suggest that same-sex facial expressions may matter more for men than they do for women and that this may be reflected in differential functional hemispheric representation. In addition, the data tentatively suggest that men may draw on the resources of both hemispheres when processing the basic emotions in female faces.
